Abstract: Dihetaryl thioketones react with thiocarbonyl ylides to give 1,3-dithiolanes in high yields. No competitive side reactions of the thiocarbonyl ylides were observed, evidencing the 'superdipolarophilic' character of this less-known group of thioketones. Depending on the type of substituents present in both the thiocarbonyl ylide and the thioketone, formal [3+2] cycloadditions occur with complete regioselectivity or with formation of a mixture of both regioisomers. Regioselective formation of the sterically more crowded 1,3-dithiolanes is explained via a mechanism involving stabilized 1,5-biradicals. In systems with less-efficient radical stabilization, e.g., in the case of adamantanethione S-methanide, substantial violation of the regioselectivity was observed as a result of steric hindrance. 
Depending on the type of substituents present in both the thiocarbonyl ylide and the thioketone, formal [3+2] cycloadditions occur with complete regioselectivity or with formation of a mixture of both regioisomers. Regioselective formation of the sterically more crowded 1,3-dithiolanes is explained via a mechanism involving stabilized 1,5-biradicals. In systems with less efficient radical stabilization, e.g., in the case of adamantanethione S-methanide, substantial violation of the regioselectivity is observed as a result of steric hindrance.
1. Introduction. -Thiocarbonyl ylides belong to the class of the so-called Scentered 1,3-dipoles, and they are widely applied for the preparation of S-heterocycles with diverse sizes of the formed ring [1] . The reactive thiocarbonyl S-methanides, generated via thermal N 2 -elimination from 2,5-dihydro-1,3,4-thiadiazoles, easily react with diverse dipolarophiles, and special attention is focused on their reactions with 'superdipolarophilic' thioketones [2] . These reactions leading to 1,3-dithiolane derivatives (Schönberg reaction [3] ) are of interest not only as a method for the preparation of these products, but also for studies on organic reaction mechanisms.
Important features of these reactions are the regioselectivity and the nature of the postulated intermediates. Whereas S-methanides of cycloaliphatic thioketones, e.g., adamantanethione S-methanide (1a), react with adamantanethione (2a) to give the sterically less hindered 2,2,4,4-tetrasubstituted 1,3-dithiolane of type 3a, its reaction with thiofluorenone (2b) gave a ca. 1:3 mixture of the regioisomeric 1,3-dithiolanes 3b
and 4b in favor of the sterically more crowded isomer [4] (Scheme 1). On the other hand, S-methanides derived from aromatic thioketones, e.g., thiobenzophenone Smethanide (1b), react with thiobenzophenone (2c) to give the 4,4,5,5-tetrasubstituted 1,3-dithiolane of type 4c as the sole product [3b] .
Scheme 1
In a recent publication, we described the synthesis and selected reactions of aryl/hetaryl and bishetaryl thioketones [5] . Unexpectedly, the experiments with diazomethane demonstrated that the presence of a hetaryl substituent such as thiophen-2-yl, selenophen-2-yl, or furan-2-yl results in a spontaneous evolution of N 2 even at -60°. In contrast to thiobenzophenone, the precursor of the corresponding S-methanides [8] . The stability of these precursors depends strongly on the type of substitutents, and the presence of bulky cycloaliphatic groups allows them to be prepared as crystalline, shelf-stable compounds.
On the other hand, 2,2-diaryl-substituted 2,5-dihydro-1,3,4-thiadiazoles 5 can be prepared only at low temperature and have to be used as thiocarbonyl S-methanide precursors at -40° without isolation.
Based on the typical procedure for the generation of diaryl-substituted thiocarbonyl S-methanides of type 1b, solutions of thiobenzophenone (2c) or thiofluorenone (2b) in THF were treated with CH 2 N 2 at -60°. Equimolar amounts of hetaryl/phenyl (2d, 2e) or bishetaryl thioketones (2f, 2g) were added to the colorless solutions and the mixtures were warmed to -40°. After complete evolution of N 2 , the crude products were analyzed by 1 H-NMR spectroscopy with a weighed amount of 1,1,2,2-tetrachloroethane as a standard. In all reactions, only one product was detected in good yields and identified as the sterically crowded 4,4,5,5-tetrasubstituted 1,3-dithiolanes 4 (Scheme 2). The proposed structures of the products were elucidated from the characteristic absorption of H 2 C(2) in the 13 C-NMR spectra at 30.5-32.5 ppm [3].
Scheme 2
In the second series, adamantanethione S-methanide (1a) was generated from its precursor 5a at 45° in THF in the presence of equimolar amounts of thioketones 2. In all cases, the formation of mixtures of regioisomeric 1,3-dithiolanes was shown by 1 H-NMR spectroscopy (weighed standard). In analogy to earlier reported products obtained from 1a and aromatic thioketones 2b and 2c (Scheme 1), the major products were identified as the sterically more crowded 4,4,5,5-tetrasubstituted 1,3-dithiolanes of type 4 (Scheme 3). The ratios of the isomers 3 and 4 established by NMR spectroscopy were between ca. 1:3 and 1:4, and in the case of the mixtures of 3e/4k and 3h/4n the major products 4k and 4n, respectively, were isolated as pure crystalline compounds and fully characterized.
Scheme 3
Reactions with the 2,2,4,4-tetramethyl-3-oxocyclobutanethione S-methanide (1c) with hetaryl phenyl thioketones 2d and 2e as well as with the bishetaryl thioketone 2h led also to mixtures of regioisomeric 1,3-dithiolanes 3 and 4 with the sterically more congested product of type 4 as the major component (Scheme 4). In comparison with the series of 1,3-dithiolanes obtained in the case of 1a (Scheme 3), the ratio of isomers increased in favor of the more crowded isomers of type 4. However, the analogous reactions with bis(thiophen-2-yl) thioketone (2f) and bis(selenophen-2-yl) thioketone (2g) led to the sterically more crowded 1,3-dithiolanes 4r and 4s, respectively, as the sole products.
Scheme 4
Finally, the structure of compound 4r, which had been deduced from the NMR data, was unambiguously confirmed by X-ray crystallography (Figure) . Although the molecule is achiral, the compound has crystallized in a chiral space group and the absolute structure has been determined by the diffraction experiment. There are two symmetry-independent molecules in the asymmetric unit. Both molecules show disorder of the thiophene rings due to 180° rotation of each ring around its parent C-C bond. The 5-membered dithiolane ring in each molecule has a half-chair conformation twisted on the C-C bond. Figure. ORTEP plot [9] of the molecular structure of one of the two symmetryindependent molecules of 4r (with 50% probability ellipsoids; arbitrary numbering of the atoms; only the major conformations of the disordered thiophene rings are shown).
It is worth mentioning that the thiocarbonyl ylides 1a-1d reacted with hetaryl thioketones 2 without competitive formation of 1,4-dithianes or thiiranes (see [1a] [8]).
These results confirm that hetaryl thioketones belong to the group of 'superdipolarophiles' in reactions with thiocarbonyl S-methanides [2] . According to
Huisgen's reactivity scale, the most reactive thioketone is thiofluorenone (2b), followed by thiobenzophenone (2c). For comparison reasons, the competition experiments of thiobenzophenone S-methanide (1b) with equimolar amounts of 2b and bis(thiophen-2-yl) thioketone (2f), as well as with 2c and 2f, were performed in THF at ca. -40°. The obtained products were analyzed by 1 H-NMR spectroscopy. In the first case, the only product formed was the sterically crowded 1,3-dithiolane 4h. In the second experiment, however, the ratio of 4c (Scheme 1) to 4f was determined to be ca. 5:4. These results demonstrate that the symmetrical hetaryl thioketone 2f is less reactive than thiofluorenone (2b) but almost as reactive as thiobenzophenone (2c). from an additional stabilizing effect across the cyclobutanone ring [10] . The presence of Se or S atoms in the five-membered heteroaromatic rings is essential for the exclusive formation of an intermediate of type 6b (see also [6] ). Both heteroatoms are known to stabilize radicals in the -position.
Formulae 6a and 6b
In the presented cases, electronic effects are decisive, but in the reactions with adamantanethione S-methanide (1a), no radical stabilization is possible at the adamantane-substituted terminus of the intermediate. For that reason, the influence of steric factors is of increasing importance and the formation of the sterically less crowded 1,3-dithiolanes as minor products is also observed in all cases.
In summary, the results discussed in this publication, additionally supported by computational studies [7] , evidence that in the case of S-centered thiocarbonyl ylides some of the formal [2+3] cycloadditions occur stepwise via biradical intermediates. This conclusion supports the concept of the radical character of '1,3-dipolar cycloaddition reactions' formulated by Firestone [11] , at least for some systems with the required structural features.
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Experimental Part
Thiobenzophenone (2b), fluorene-9-thione (2c), the nonsymmetrical heteroaromatic
and (furan-2-yl) (thiophen-2-yl)methanethione (2h), as well as the symmetrical heteroaromatic thioketones bis(thiophen-2-yl)methanethione (2g) and
bis(selenophen-2-yl)methanethione (2h) were obtained from the corresponding ketones using the known thionation procedure with Lawsson's reagent [5] . Other reagents used in the present study were commercially available.
Reactions of Hetaryl Phenyl Thioketones 2d-2e or Bishetaryl Thioketones
Thiobenzophenone (2b, 1 mmol) dissolved in 2 ml of THF was cooled to -70° and treated with small portions of ethereal CH 2 N 2 soln. until the dark-blue color disappeared. A soln. of the corresponding thioketone 2d-g (1 mmol) in 2 ml of THF was added at -70° and the reaction mixture was kept in a cold bath (-45° to -40°, acetone/dry ice) for 2.5 h. Then, the mixture was allowed to warm slowly to r. Then, equimolar amounts of 2f (1 mmol) and 2c (1 mmol) dissolved in 3 ml of THF were added at -70° and the mixture was kept at -45° to -40° (acetone/dry ice bath) for 2 h. After that time the soln. was allowed to warm slowly to r.t. and kept at r. In analogy to the procedure described above, a soln. of 2b (0.57 mmol) in 2 ml of THF at -70° was treated with an ethereal CH 2 N 2 soln., followed by a soln. of 2f (0.57 mmol) and 2c (0.57 mmol) in 3 ml of THF. The mixture was stirred at -45° to -40° for 2 h and then allowed to warm slowly to r. non-H-atoms were taken from [18a] , and the scattering factors for H-atoms were taken from [19] . Anomalous dispersion effects were included in F c [20] ; the values for f' and Reflections with I > 2(I) 8753
Reflections Figure. ORTEP plot [9] of the molecular structure of one of the two symmetryindependent molecules of 4r (with 50% probability ellipsoids; arbitrary numbering of the atoms; only the major conformations of the disordered thiophene rings are shown). 
